Fructose is a sweet tasting sugar that is found naturally in fruits and some vegetables and has been part of the human diet---in modest amounts---for eons. The increasing consumption of sugar has dramatically increased our exposure to fructose ([@B1]). Sugar consumption has risen more than 40-fold since the Declaration of Independence was signed 250 years ago, and more than 40% of the added sugars in our diet are in sugar-sweetened beverages and fruit drinks ([@B2],[@B3]). Thus, the principal sources of fructose in our diet are now sugar and high-fructose corn syrup, each of which has about 50% fructose. The intake of soft drinks has risen fivefold since 1950 ([@B4],[@B5]) ([Fig.1](#F1){ref-type="fig"}) and with it the intake of fructose. The rise in the consumption of high-fructose corn syrup in beverages has paralleled the rise in the prevalence of obesity and the metabolic syndrome and is associated with the appearance of nonalcoholic fatty liver disease ([@B6]--[@B8]). Although association does not prove causation, it has stimulated research to understand whether current levels of fructose intake in beverages pose a health risk.

Background {#s1}
==========

Over the past decade fructose from either sucrose or high-fructose corn syrup has received growing attention as it has been associated with a widening group of health-related problems. Several meta-analyses have shown a relationship between the consumption of sugar-sweetened soft drinks and obesity ([@B9]--[@B11]). The relation of these beverages to obesity can be attributed to the increased caloric intake and to the fact that beverages do not suppress the intake of other foods to an appropriate degree---thus beverage calories serve as "add-on" calories enhancing the risk of obesity ([@B12]) ([Fig. 1](#F1){ref-type="fig"}). Meta-analyses have also suggested that the consumption of sugar-sweetened beverages is related to the risk of diabetes, the metabolic syndrome, and cardiovascular disease ([@B13]).

![Model showing some potential consequences of increasing fructose and energy intake from sugar or high-fructose corn syrup in beverages. VAT, visceral adipose tissue.](11fig1){#F1}

Several short-term clinical trials have provided insights into the metabolic consequences of ingesting sugar-sweetened beverages. In one study there was an increase in body weight, blood pressure, and inflammatory markers ([@B14],[@B15]), and in a second study there was an increase in triglycerides levels (particularly at night), a stimulation of de novo lipogenesis, and an increase in visceral fat ([@B16],[@B17]). In the third study, which compared milk, diet cola, a sugar-sweetened cola, and water, the sugar-sweetened beverage increased liver fat, visceral fat, and triglycerides over the 6 months of beverage intake ([@B18]). The latter study suggests that consuming two 16-ounce sugar-containing beverages per day for 6 months can mimic many of the features of the metabolic syndrome and nonalcoholic fatty liver disease.

Brief overview {#s2}
==============

The article by Aeberli et al. ([@B19]) in this issue of *Diabetes Care* and their previous study ([@B20]) have added important data on the responses to fructose. They conducted a 4-week randomized crossover study with a 4-week wash-out between each diet in 9 healthy young men comparing 4 different soft drinks with levels of fructose, glucose, and sucrose that are closer to "normal" intake than some other studies. The low-fructose beverage had 40 g per day of fructose, which was the same amount of fructose as in the 80 g per day sucrose beverage (40 g). This is less fructose than is contained in two 16-ounce sugar-sweetened soft drinks with 10% sugar. There was also a high-glucose beverage (80 g per day), which is twice what was in the sucrose beverage, and an 80 g per day fructose beverage, which is also twice the amount in the sucrose and low-fructose beverages. With the hyperinsulinemic-euglycemic clamp, the authors examined insulin sensitivity of the liver and the whole body. Compared with the high-glucose beverage, the low-fructose beverage impaired hepatic insulin sensitivity, but not whole-body insulin sensitivity, pointing again to the pathophysiological effects that fructose can have on the liver. In addition, they found that total and LDL cholesterol were increased by fructose relative to glucose and that free fatty acids were increased or showed a trend toward an increase in the fructose beverage groups.

This article has several strengths, one of which is that it is a randomized crossover comparison of four beverages with two levels of fructose, glucose, and sucrose (50% fructose). Another strength is that the study used modest amounts of fructose and had a glucose control. One limitation is that it had only a small number of subjects and that they were all male, so we cannot be absolutely sure that these results extrapolate to females.

The authors did not find any effect on fasting triglycerides. However, they did not design the study to look at postprandial or nocturnal levels of triglycerides where they might have detected differences. In the comparison of the effect of glucose, fructose, and sucrose on plasma triglycerides, Cohen and Schall ([@B21]) found that both fructose in the amount found in sucrose AND sucrose increased triglycerides following a meal, but that glucose did not---leading them to conclude that the effects on lipids were due to the fructose either alone or as part of sucrose (table sugar), and not glucose.

This study adds to the information about the role of fructose either from sucrose (ordinary table sugar) or from high-fructose corn syrup in initiating liver dysfunction and possibly leading to nonalcoholic fatty liver disease and the metabolic syndrome, which have become increasingly prevalent. [Figure 1](#F1){ref-type="fig"} relates the findings from this study to those of other studies ([@B13],[@B16]--[@B18],[@B22]). The increasing intake of soft drinks ([@B4],[@B5]) is viewed as the driver for the increase in energy and fructose, which may play a part in the development of obesity and the metabolic consequences depicted here ([@B22]). The caffeine present in these beverages is viewed as a positive feedback signal because of its ability to stimulate the central nervous system.

Two other meta-analyses of crystalline fructose added to the diet appeared to reach different conclusions. Livesey and Taylor ([@B23]) and Sievenpiper et al. ([@B24]) examined the effects of replacing carbohydrates in the diet with crystalline fructose. Both excluded high-fructose corn syrup and thus the beverage form of fructose, which seems to play the central role in the response to the fructose in beverages. Crystalline fructose added to the food supply represents only a few percent of the total "added sugars" and behaves differently from the fructose that is in beverages. The largest amount of dietary fructose comes from the fructose in sucrose or high-fructose corn syrup, both of which are the major components of calorie-sweetened beverages but were excluded from these meta-analyses.

One key question which Aeberli et al. begin to address is whether the detrimental effects of fructose are simply the result of a linear dose-response to our increasing dietary intake of fructose or whether there is a threshold below which fructose is without harm. The current data suggest that it is a "linear" response, and the reason we are now detecting the pathophysiological consequences of fructose is that its dietary load has continued to increase, largely as a consequence of increased soft drink and fruit drink consumption.

See Aeberli et al., p. 150
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